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%\ XVLQJ D VLPSOH GLVFUHWH￿WLPH PRGHO ZH HYDOXDWH WKH LPSDFW RI GLVWRUWLRQDU\ WD[DWLRQ
RQ WKH JRYHUQPHQW GHEW￿WR￿JGS UDWLR￿ 2QFH WKH VWDQGDUG PRGHO LV PRGLILHG
DFFRUGLQJO\￿ LW DSSHDUV WKDW ULVLQJ WD[HV KDV D FRVW LQ WHUPV RI JURZWK ZKLFK LQFUHDVHV
DV ORQJ DV WKH GHEW￿WR￿JGS UDWLR ULVHV￿ 7KH HPSLULFDO LPSOHPHQWDWLRQ XVHV GDWD GUDZQ
IURP UHFHQW ,WDO\￿V UHFRUG DQG LV EDVHG RQ UHDOLVWLF VKRFNV WR WKH UHOHYDQW SDUDPHWHUV￿
$ VHFRQG RXWFRPH RI WKH SDSHU LV VKRZLQJ WKDW VXVWDLQDEOH WD[ UDWHV DUH UHPDUNDEO\
ORZHU WKDQ WKRVH SUHYDLOLQJ LQ ,WDO\ VLQFH WKH ￿￿V￿
-(/ FODVVLILFDWLRQ FRGHV￿ +￿￿ +￿￿ ￿￿
.H\ZRUGV￿ ’HEW￿ 7D[HV￿ *URZWK
￿
’HSDUWPHQW RI (FRQRPLFV￿ 3LD]]D 6DQ )UDQFHVFR ￿￿ ￿￿￿￿￿ 6LHQD￿ ,WDO\ ￿H￿PDLO￿
UILRULWR#LRO￿LW￿￿ &15 IXQGLQJ LV JUDWHIXOO\ DFNQRZOHGJHG￿41 Lqwurgxfwlrq
Dv uhfhqwo| vwdwhg ￿qhlwkhu hfrqrplf wkhru| qru klvwru| r￿huv pxfk jxlgh
wr zkdw lv d vxvwdlqdeoh ohyho ri sxeolf ghew1 Lq wkh hqg lw lv wkh lqyhvwruv
zkr ghflgh/ e| ghpdqglqj pxfk kljkhu lqwhuhvw rq erqgv￿ +Wkh Hfrqrplvw/
34255233,1 Lq wklv yhlq/ wkh vshfldol}hg olwhudwxuh kdv vkrzq wkdw zkdw pdwwhuv
iru ghew vxvwdlqdelolw| lv qrw h{fhhglqj d sduwlfxodu ghew0wr0jgs udwlr/ lw udwkhu
ehlqj lpsruwdqw wkdw wkh udwh ri jurzwk ri wkh hfrqrp| lv qrw vpdoohu wkdq wkh
uhdo frvw ri wkh ghew1 Wkh pdlq zhdnqhvv ri wkh dssurdfk lv wkdw erwk wkh udwh ri
jurzwk dqg wkh frvw ri ghew duh h{rjhqrxv1 D vhfrqg zhdnqhvv lv qrw frqvlghulqj
wkdw ghew ￿qdqflqj wkurxjk wd{hv fdq uhgxfh wkh udwh ri jurzwk ri wkh hfrqrp|/
wkhq zruvhqlqj wkh ghew0wr0jgs udwlr1 Wkh vxjjhvwhg irupxodwlrq vwuhvvhv wkdw
￿qdqflqj ghew wkurxjk wd{dwlrq kdv d jurzwk frvw zklfk lv qhjohfwhg lq wkh ghew
vxvwdlqdelolw| olwhudwxuh dqg zklfk fdq glvwruw wkh dvvhvvphqw ri wkh wlph vsdq
uhtxluhg wr uhdfk dq| jlyhq ghew0wr0jgs udwlr1
Khuh/ zh wu| wr frpelqh wkhvh wzr gl￿huhqw vwuhdpv ri olwhudwxuh e| lqwur0
gxflqj lqwr wkh jryhuqphqw exgjhw frqvwudlqw d vlpsoh glvwruwlrqdu| wd{dwlrq
vfkhph dqg e| doorzlqj wkh jurzwk ri wkh hfrqrp| wr uh hfw wkh exughq ri
wd{dwlrq1 Frqyhuvho|/ zh qhlwkhu dqdo|}h wkh srwhqwldo h￿hfwv ri d ulvlqj jryhuq0
phqw ghew rq lwv frvw qru wkh lpsolfdwlrqv ri lqvhuwlqj prqh| lqwr wkh exgjhw
frqvwudlqw1 Iru wkh vdnh ri vlpsolflw|/ oxps0vxp wd{hv duh dovr ljqruhg1
Lq Vhfwlrq 5 zh uhsruw dqg glvfxvv d ihz klvwrulfdo gdwd rq Lwdo|*v ghew ghwhu0
plqdqwv1 Lq vhfwlrq 6 zh suhvhqw d wr| prgho dqg lwv pdlq g|qdplf lpsolfdwlrqv1
Wr dgg pruh uhdolvp/ zh vroyh lw iru sdudphwhuv forvh wr wkh dfwxdo gdwd dqg zh
surylgh vrph vhqvlwlylw| dqdo|vlv wr hydoxdwh krz ghhso| vlpxodwlrq uhvxowv uhdfw
wr wkh srolf| vkliwv1 Vhfwlrq 7 vkruwo| glvfxvvhv wkh uhodwlrq ehwzhhq vxvwdlqdeoh
wd{ udwhv dqg wkh ohyho ri wkh ghew0wr0jgs udwlr1 Vhfwlrq 8 frqfoxghv1
51 Vrph uhihuhqfh gdwd
Lq wklv sdudjudsk zh uhsruw d ihz uhihuhqfh gdwd rq Lwdo|*v ghew ghwhuplqdqwv
ryhu wkh odvw 58 |hduv1 Iru frqyhqlhqfh/ zh glylgh wkh ixoo vdpsoh lqwr ￿yh0|hdu
vxeshulrgv wkdw zh whqwdwlyho| fkdudfwhul}h dv iroorzv=
9809<= d jurzlqj hfrqrp| dqg d vrxqg ￿vfdo srolf|
:30:7= frqfrplwdqw oderu dqg rlo vkrfnv
:80:<= uhvsrqvhv wr wkh vxsso| vkrfnv
;30;7= ulvlqj zruogzlgh lqwhuhvw udwhv
;80;<= wdplqj lq dwlrq dqg ghew h{sorvlrq
<30<7= |hw gh￿flwv duh vwloo kljk11
<80<;= ￿vfdo glvflsolqh lq wkh HPX shuvshfwlyh1
4Ri frxuvh/ gl￿huhqw odehov dqg gl￿huhqw shulrgv fdq eh xvhg1 Zkdw lv lpsru0
wdqw lv qrwlqj wkdw hdfk lqwhuydo frqwdlqv erwk uhfhvvlrq dqg h{sdqvlrq skdvhv
wkdw vkrxog pdnh shulrg dyhudjhv uhodwlyho| lqghshqghqw ri wkh exvlqhvv f|foh1
Wdeoh 4= Frpsrqhqwv ri wkh jryhuqphqw ghew0wr0jgs udwlr
|hduv e ￿ ju￿￿ ghi2|
9809< 6517 5<16 6414 714 613 818 0618
:30:7 6<14 5<13 6613 814 431< 714 0919
:80:< 861; 631: 6717 :19 4918 615 04314
;30;7 9518 6915 6;17 4319 491: 419 04319
;80;< ;:18 6<1; 6<13 <16 :15 614 04413
<30<7 <;13 7719 7413 4414 819 413 0<1<
<80<; 43<13 7919 6<14 <14 61; 419 071<
+Vrxufh= Rhfg/ Dqdo|wlfdo Gdwdedvh,
Wkh yduldeohv uhsruwhg lq wkh Wdeoh 4 glvhqwdqjoh ehwzhhq uhyhqxhv dqg
vshqglqj/ khqfh h{whqglqj d olwwoh elw wkh w|slfdo ghfrpsrvlwlrq ri wkh jryhuq0
phqw ghew fkdqjhv +Exlwhu/ 4<;8, = qdpho|/ wkh| ghqrwh wkh ghew0wr0jgs udwlr
+e, dqg wkh h￿hfwlyh wd{ udwh +￿, zklfk lv vlpso| rewdlqhg dv wkh udwlr ehwzhhq
wrwdo uhfhlswv dqg qrplqdo jgs1 Wkhq/ zh uhsruw wkh sulpdu| vshqglqj0wr0jgs
udwlr +j, dqg wkh dyhudjh frvw ri ghew +u,1 Wkh odwwhu lv rewdlqhg dv wkh udwlr
ehwzhhq wkh qhw lqwhuhvw jryhuqphqw vshqglqj dqg wkh ghew ohyho1 Wkh jgs gh0
 dwru lq dwlrq udwh +￿, khosv rewdlqlqj d sur{| ri wkh h{0srvw uhdo frvw ri ghew
wr eh frpsduhg zlwk wkh uhdo jgs jurzwk +￿,41 Ilqdoo|/ zh uhsruw wkh udwlr
ehwzhhq wrwdo jryhuqphqw edodqfhv dqg qrplqdo jgs +ghi2|,1
Wdeoh 4 vkrzv wkh ydoxh ri vrph fulwlfdo sdudphwhuv iru xqghuvwdqglqj wkh
vrxufhv ri wkh ghew fuhdwlrq lq Lwdo| vlqfh wkh plg093v1 Lq wklv uhvshfw/ d ihz
frpphqwv duh lq rughu=
0 wkh h￿hfwlyh wd{ udwh ￿ dqg wkh ghew0wr0jgs udwlrv duh wkh rqo| yduldeohv
wkdw lqfuhdvh prqrwrqlfdoo| ryhu wkh vdpsoh15
0 wkh vxffhvv lq fxuelqj lq dwlrq lq wkh vhfrqg kdoi ri wkh ;3v uhyhdohg d
ghew lvvxh wkdw zdv pdvnhg lq wkh suhylrxv ghfdgh e| kljk lq dwlrq/ sduwldoo|
r￿vhwwlqj wkh rffxuuhqfh ri kxjh jryhuqphqw gh￿flwv1
0 wkh jurzwk uhgxfwlrq lq wkh <3v fdph dorqj zlwk kljkhu uhdo lqwhuhvw udwhv1
Wkh uhdo frvw ri ghew zdv hyhq kljkhu vlqfh wkh qrplqdo frvw dgmxvwhg vorzo|
4Wr vlpsoli| wkh qrwdwlrq/ zh gr qrw pdnh khuh wkh glvwlqfwlrq ehwzhhq j dqg j| zklfk lv
lqvwhdg fuxfldo iru wkh qh{w vhfwlrq prgho1
5Krzhyhu/ e| wdnlqj dqqxdo gdwd lqvwhdg ri ￿yh0|hdu dyhudjhv/ wkh ghew0wr0jgs udwlr ulvhv
xqwlo 4<<7 dqg idoov diwhuzdugv1
5wr wkh glvlq dwlrq/ suhvxpdeo| ehfdxvh wkh ghew pdqdjhphqw srolf| dlphg dw
ohqjwkhqlqj wkh ghew pdwxulw|1
0 wkh uhsruwhg gdwd vkrz wkdw wkh odvw ￿vfdo dgmxvwphqw rffxuuhg e| ulvlqj
wd{hv exw zdv dovr pdgh e| uhgxflqj lq derxw wkh vdph sursruwlrq wkh sulpdu|
vshqglqj wr jgs udwlr1
61 Wkh prgho
Wkh prgho dvvxphv wkdw uhdo JGS jurzwk lv qrw h{rjhqrxvo| jlyhq exw lv
d qhjdwlyh ixqfwlrq ri wkh djjuhjdwh wd{ udwh1 Wklv fdq eh lqwhusuhwhg dv d
uhgxfhg irup dssur{lpdwlrq ri d surgxfwlrq ixqfwlrq zkhuh erwk fdslwdo dqg
oderu lqsxwv uh hfw wkh exughq ri glvwruwlrqdu| wd{dwlrq1
Dfwxdoo|/ lq wkh qhrfodvvlfdo jurzwk prgho wd{dwlrq vkrxog qrw lq xhqfh
wkh udwh ri jurzwk lq wkh orqj uxq ehfdxvh wkh fdslwdo rxwsxw udwlr pxvw eh
frqvwdqw lq wkh vwhdg| vwdwh1 Khqfh/ wkh glvwruwlrqdu| h￿hfw rq fdslwdo irupdwlrq
dfwv gxulqj wkh wudqvlwlrq wr wkh vwhdg| vwdwh exw ydqlvkhv diwhuzdugv1 Wklv
frqfoxvlrq grhv qrw krog lq wkh hqgrjhqrxv jurzwk prgho zkhuh wkh frqvwdqw
uhwxuq dqg wkh ghfuhdvlqj pdujlqdo surgxfwlylw| dvvxpswlrqv duh uhsodfhg e|
lqfuhdvlqj uhwxuqv1 Wkh pdmru lpsolfdwlrq lv wkdw ulvlqj wd{ udwhv uhgxfhv wkh
udwh ri jurzwk dovr lq wkh orqj uxq ehfdxvh wkh lqfhqwlyhv wr dffxpxodwh kxpdq
ru sk|vlfdo fdslwdo duh dovr uhgxfhg +Hdvwhuo|0Uhehor/4<<6,1
Wkh dssurdfk zh iroorz khuh lv prvwo| srolf|0rulhqwhg dqg grhv qrw dgguhvv
gluhfwo| dq| ri wkh ixqgdphqwdo glvsxwhv lq jurzwk wkhru| exw lv edvhg rq d
uhgxfhg irup frqmhfwxuh wkdw wkh udwh ri jurzwk ri wkh hfrqrp| idoov diwhu lq0
fuhdvlqj wkh wd{ udwhv1 \hw/ wklv frqmhfwxuh kdv vrph hpslulfdo vwuhqjwk wkdw zh
ghhp xvhixo wr h{sorlw iru wkh sureohp dw vwdnh1
Iru hpslulfdo sxusrvhv/ zh glg qrw frqvwuxfw wkh vwdwxwru| wd{ udwhv zklfk
w|slfdoo| lqfoxgh h{hpswlrqv dqg frqwlqjhqflhv wkdw duh gl!fxow wr djjuhjdwh1
Zh xvhg lqvwhdg h￿hfwlyh wd{ udwhv fdofxodwhg dv wkh vkduh ri uhyhqxhv zlwk
uhvshfw wr wkh qrplqdo JGS1 Wklv vkduh lqfoxghv vrfldo vhfxulw| uhfhlswv wkdw
duh lpsruwdqw iru oderu doorfdwlrq dqg wr ￿qdqfh vrfldo vhfxulw| rq d sd|0dv0
|rx0jr edvlv1
Ohw wkh ghew0wr0JGS udwlr hyroyhv lq glvfuhwh wlph xqlwv dffruglqj wr wkh iro0
orzlqj prgho zkhuh fdslwdo ohwwhuv ghqrwh qrplqdo ydoxhv dqg orzhu0fdvh ohwwhuv
ghqrwh yroxphv/ uhvshfwlyho|=
+4, Ew @+ 4.uw,Ew￿4 ￿Iw
+5,Iw @ Ww ￿ Jw
+6,Ww @ ￿\w
+7,Jw @ swjw
6+8, jw @+ 4.￿,jw￿4
+9, |w @+ 4.￿w,|w￿4
+:, ￿w @ ￿ ￿￿￿w=
Htxdwlrq +4, ghvfulehv wkh jryhuqphqw ghew wudqvlwlrq lq zklfk E lv wkh
rxwvwdqglqj ghew ydoxh dqg I lv wkh sulpdu| vxusoxv/ gh￿qhg lq htxdwlrq +5,
dv wkh gl￿huhqfh ehwzhhq wrwdo uhfhlswv +6, dqg wkh qhw ri lqwhuhvw jryhuqphqw
vshqglqj +7,1 Wr eh vlpsoh/ zh dvvxph wkdw wkh frvw ri ghew +u, uhihuv wr rqh
shulrg rqo|1 Htxdwlrqv +8,0+9, ghqrwh wkh wudqvlwlrq ri wkh sulpdu| jryhuqphqw
vshqglqj +8, dqg ri wkh jgs yroxphv +9,/ uhvshfwlyho|1 Wkh uhdo jgs jurzwk +:,
lv qrw frqvwdqw exw lv qhjdwlyho| uhodwhg wr wkh ryhudoo wd{ udwh ￿ +:,1
Wkhq wkh iroorzlqj gh￿qlwlrqv dsso|=
+;, ew ￿ Ew@\w
+<, jw ￿ Jw@\w
+43, iw ￿ Iw@\w
+44, 4.￿w ￿ sw@sw￿4=
Htxdwlrqv +;,0+43, ghqrwh wkh ghew/ wkh sulpdu| vshqglqj dqg wkh sulpdu|
vxusoxv0wr0jgs udwlr/ uhvshfwlyho|1 Ilqdoo|/ gh￿qlwlrq +44, ghqrwhv wkh rqh0shulrg
lq dwlrq udwh1
Wkh edvlf ihdwxuh ri wklv prgho lv wkdw wkh jurzwk udwh lv qhjdwlyho| d￿hfwhg
lq htxdwlrq +:, e| wkh h￿hfwlyh wd{ udwh ￿= Wklv lpsolhv wkdw wkh xqfrqglwlrqdo
jurzwk udwh ￿ lv uhsodfhg e| d wlph0ydu|lqj guliw +￿w, ehfdxvh ri wd{dwlrq1 Doo
sdudphwhuv lq wkh prgho duh srvlwlyh1
Dv zh phqwlrqhg ehiruh/ htxdwlrq +9, fdq eh xqghuvwrrg dv d wudqvirupd0
wlrq ri dq| surgxfwlrq ixqfwlrq |w @ DwI+nw>q w, zkhuh Dw lv d vkliwlqj/ qhduo|
lqwhjudwhg/ whfkqrorj| sdudphwhu fkdudfwhul}hg e| orqj0odvwlqj phpru|= Khqfh/
wkh iroorzlqj oderu +q, dqg fdslwdo +n, ghpdqg htxdwlrqv duh rewdlqhg e| pd{0
lpl}lqj d sur￿w ixqfwlrq zkrvh frvwv lqfoxgh wd{hv rq oderu +￿q
w , dqg fdslwdo
+￿n
w,










7Wkh wrwdo idfwru surgxfwlylw| yduldeoh +Dw, fdq eh rplwwhg lq wkh htxdwlrqv
+45,0+46, li wkh rwkhu uhjuhvvruv 0 h{sorlwlqj d frpprq idfwru uhvwulfwlrq 0 lqfoxgh
d vx!flhqw qxpehu ri odjv wr fdswxuh wkh vhuldo fruuhodwlrq lq wkh whfkqrorj|
vkrfn1 Wklv doorzv d g|qdplf irupxodwlrq zklfk dffrxqwv iru dgmxvwphqw frvwv
dqg ghshqgv lq wkh vkruw uxq rq vhsdudwh wd{ udwhv dqg ehiruh0wd{ frvwv iru
fdslwdo +u, dqg oderu +z,/ uhvshfwlyho|1
Dffruglqjo|/ wkh uhvxowlqj lqgluhfw surgxfwlrq ixqfwlrq zloo eh




+48, |w @ Dwm+￿w,
rqfh l, oderu dqg fdslwdo wd{dwlrq fdq eh qhvwhg lq dq djjuhjdwh wd{ udwh
htxdoo| glvwruwlqj hdfk vrxufh ri lqfrph dqg ll, wkh udwlr ehwzhhq qhw oderu
dqg fdslwdo frvwv lv dssur{lpdwho| frqvwdqw +zw2uw ￿ @z2u ,1 Ilqdoo| li wd{ udwhv
duh frqvwdqw dv uhtxluhg e| wd{ vprrwklqj/ wkh jurzwk udwh ri wkh hfrqrp| lv
wkh vdph dv wkh jurzwk udwh ri wkh wrwdo idfwru surgxfwlylw|1 Lq wklv uhvshfw/ lw
vkrxog eh qrwhg wkdw htxdwlrq +9, lv d olqhdu fkdudfwhul}dwlrq ri htxdwlrq +48,
zklfk doorzv d ￿vfdo ihhgedfn rq wkh ghew0wr0jgs udwlr wkdw lv jhqhudoo| ljqruhg
lq wkh vxvwdlqdeoh ghew olwhudwxuh1
Dqrwkhu glvwlqfwlyh ihdwxuh ri wkh prgho lv wkdw jryhuqphqw vshqglqj ghfl0
vlrqv uh hfw txdqwlwlhv rqo| ehfdxvh sulfhv duh rxw ri jryhuqphqw frqwuro1
Vlqfh rqo| rqh sulfh +s, lv dvvxphg/ lw lv lppdwhuldo zkhwkhu udwlrv +<,0+44,
duh lq qrplqdo ru lq uhdo whupv1 Khqfh/ wkh uhgxfhg irup iru ghew dqg sulpdu|
vxusoxv udwlrv wr jgs duh wkh iroorzlqj=
+49, ew @
4.uw
+4 . ￿w,+4.￿ ￿￿￿w,
ew￿4 ￿￿w .
4.￿
4.￿ ￿ ￿￿ w
jw￿4




Iru w￿3/ wkh htxdwlrq +49, kdv wkh iroorzlqj forvhg0irup vroxwlrq







zkhuh Om{w ￿ {w￿m lv wkh odj rshudwru iru dq| lqwhjhu m dqg zkhuh
￿ ￿ 4.u
+4.￿,+4.￿￿￿￿, ?m 4 m dqg ￿w ￿ 4.￿
4.￿￿￿￿w= Wkh sdudphwhu ￿ lv wuhdwhg dv d
frqvwdqw wr dyrlg fxpehuvrph qrwdwlrq dqg wr vlpsoli| wkh hydoxdwlrq ri sduwldo
8ghulydwlyhv1 Lq d vwrfkdvwlf vhwwlqj/ wklv dprxqwv wr dvvxph wkdw wkh uhdo frvw
ri ghew dqg wkh uhdo jgs jurzwk duh frlqwhjudwhg dqg  xfwxdwh durxqg vrph
frqvwdqw ydoxh1
Lq wkh orqj uxq/ olpw$4 ￿w @3dqg htxdwlrq +4;, ehfrphv=







Zkdw vkrxog eh qrwhg lv wkdw htxdwlrq +49, dprxqwv wr wkh wudglwlrqdo ghew
wudqvlwlrq htxdwlrq zkhq ￿ @3 = Lq vxfk d fdvh/ wkh ghew ghulydwlyh Ce@C￿ @ ￿4>
l1h1 d frqvwdqw dqg kljkhu +devroxwh, ydoxh wkdq rqh ￿qgv zkhqhyhu wkh wd{ udwhv
uhgxfh wkh jurzwk ri wkh hfrqrp|/ l1h1 zkhq
+53, Ce@C￿ @
￿+4 .uw,
+4 .￿w,+4 . ￿ ￿ ￿￿w,5ew￿4 .
￿+4 .￿,
+4.￿ ￿ ￿￿w,5jw￿4 ￿ 4=
Wkxv/ wkh ghew0wr0jgs udwlr uhvsrqvh wr wkh wd{ udwh vkliw zloo eh vpdoohu lq
devroxwh ydoxh ehfdxvh ri wkh r￿vhwwlqj uhdo jgs uhvsrqvh1 D vhfrqg ihdwxuh ri
wkh wd{ udwh lpsdfw rq wkh ghew0wr0jgs udwlr lv wkdw wkh h￿hfw lv qrw frqvwdqw dqg
vkrxog eh vpdoohu iru kljk ghew dqg vshqglqj ohyhov jlyhq wkdw wkh wzr iudfwlrq
whupv duh doprvw vxuho| srvlwlyh1
Wkh pdmru hfrqrplf srolf| lpsolfdwlrqv lv wkdw uhgxflqj wkh jryhuqphqw
ghew exughq e| wd{dwlrq lv ohvv surplvlqj wkdq lw dsshduv lq wkh wudglwlrqdo
ghew prgho1 Ixuwkhu/ wklv lv hvshfldoo| wuxh wkh kljkhu lv wkh ghew exughq vr
wkdw vshqglqj fxwv +ru sulydwl}dwlrqv, vkrxog eh suhihuuhg lq wklv fdvh1
Wkh sulpdu| vxusoxv ghulydwlyh zlwk uhvshfw wr wkh ryhudoo wd{ udwh ￿ lv
+54, Ci@C￿ @4￿
￿+4 . ￿,
+4 . ￿ ￿ ￿￿,5jw￿4>
zklfk lq jhqhudo lv srvlwlyh dqg vpdoohu wkdq 4 xqohvv ￿@31 Ri frxuvh/
htxdwlrqv +53, dqg +54, duh rewdlqhg e| dvvxplqj wkdw ￿ dqg ￿ duh lqghshqghqw
srolf| sdudphwhuv1 Fohduo|/ wklv lv qrw wrr uhdolvwlf/ wkrxjk wklv lvvxh frxog eh
ghdow rqo| e| dgglqj wr wkh prgho d qxpehu ri srolf| uxohv wkdw zrxog vkliw
lwv irfxv eh|rqg rxu lqwhqwlrqv1 Ilqdoo|/ wkh uhdghu fdq hdvlo| yhuli| wkdw wkh
uhohydqw vhfrqg ghulydwlyhv duh srvlwlyh dv rqh zrxog h{shfw iurp dq| uhdolvwlf
srolf|1
614 Hpslulfv
Ehfdxvh ri wkh +plog, qrqolqhdu ihdwxuh ri wkh prgho/ zh xvh vlpxodwlrq wr
￿jxuh rxw krz wkh hqgrjhqrxv yduldeohv uhvsrqg wr wkh vdph wd{ udwh vkrfn dw
9gl￿huhqw ydoxhv ri wkh ghew0wr0jgs udwlr1 Wr gr vr/ zh ￿{hg u @ 138/ ￿ @ =35>
zkloh hvwlpdwlqj ￿ dqg ￿ lq wkh htxdwlrq +:elv,1 Iru wkh h￿hfwlyh wd{ udwh
sdudphwhu zh xvhg ￿ @ =78/ vlqfh wklv lv wkh ydoxh irxqg lq Wdeoh 4 iru wkh odwh
<3v1
Wkh uhsruwhg ROV hvwlpdwh xvhv dqqxdo gdwd iru Lwdo| +4<:304<<;, dqg
vhhpv vdwlvidfwru| ghvslwh wkh vshfl￿fdwlrq lv txlwh fuxgh= sdudphwhuv duh urexvw
wr vdpsoh fkdqjhv dqg duh wuxo| vwdwlvwlfdoo| vljql￿fdqw vlqfh wkh hvwlpdwhg
uhvlgxdov duh zklwh/ hyhq zlwkrxw lqvhuwlqj odjv ru dgmxvwphqw yduldeohv1 Wklv
hvwlpdwh edvlfdoo| lqglfdwhv wkdw/ uhgxflqj e| vhyhq shufhqwdjh srlqwv wkh ryhudoo
wd{ udwh/ derxw rqh shufhqw ri dgglwlrqdo jurzwk frxog eh dfklhyhg1
+:elv, ￿w @ =3:; ￿ =484￿w> Omxqj0Er{+:, @ ;158> vhh @ 134;1
+135, +138,
Zh hydoxdwhg/ lq sduwlfxodu/ krz wkh ghew dqg wkh sulpdu| gh￿flw udwlrv
uhvsrqg wr d xqlw wd{ udwh fkdqjh1 Prvw lpsruwdqwo|/ zh hydoxdwhg krz vhqvlwlyh
wkhvh uhvsrqvhv duh dw gl￿huhqw ghew0wr0jgs udwlrv1
Lq wkh vwdqgdug fdvh/ zkhuh wkh jgs lv h{rjhqrxv ru lqghshqghqw ri wd{ udwh
fkdqjhv/ lw lv lpphgldwh wr vhh wkdw d xqlw lqfuhdvh lq ￿ zloo dozd| lpso| d xqlw
ghfuhdvh lq wkh udwlr/ uhjdugohvv ri wkh lqlwldo ydoxh1
Wkh vlpxodwlrqv uhsruwhg lq Wdeoh 5 glvsod|/ lq wklv uhvshfw/ wzr lqwhuhvwlqj
uhvxowv=
l, wkh kljkhu lv wkh ghew0wr0jgs udwlr/ wkh ohvvhu lv wkh ehqh￿w uhodwhg wr ulvlqj
wd{ udwhv
ll, iru d jlyhq ghew0wr0jgs udwlr/ wkh h￿hfw ri ulvlqj wd{ udwhv udwlr grhv qrw
vhhp vhqvlwlyh wr wkh vkduh dqg wr wkh udwh ri jurzwk ri sulpdu| jryhuqphqw
vshqglqj1
Wkh pdlq lpsolfdwlrq ri wkh pxowlsolhuv vkrzq lq Wdeoh 5 lv wkdw0 hvshfldoo|
iru wkrvh frxqwulhv vxfk dv Lwdo| zkhuh wkh ghew0wr0jgs udwlr lv dprqj wkh kljkhvw
0 d ￿vfdo frqvrolgdwlrq edvhg rq ulvlqj uhyhqxhv lv lqdssursuldwh qrw rqo| lq whupv
ri wkh suredelolw| ri d vxffhvixo dgmxvwphqw +Dohvlqd dqg Shurwwl/ 4<<5, exw dovr
lq whupv ri wkh orzhu vshhg wkdw kljk udwlrv uhtxluh wr jhw vpdoohu1
Lw lv wuxh wkdw wklv prgho lv wrr vlpsoh wr hydoxdwh srvvleoh olqnv ehwzhhq
ulvlqj uhyhqxhv dqg ￿qdqflqj h{sdqvlrqdu| jryhuqphqw vshqglqj1 \hw/ d suhyl0
rxv/ ghwdlohg/ vwxg| rq wkh jryhuqphqw ￿qdqfh lq wkh J: +Ilrulwr/ 4<<:, vkrzv
wkdw lq prvw fdvhv jryhuqphqw vshqglqj grhv qrw dfwlydwh wkh hfrqrp| ehiruh
vkrfnv pdwhuldol}h1 Rq wkh frqwudu|/ prvw frpryhphqwv ehwzhhq uhdo jryhuq0
phqw vshqglqj yduldeohv dqg jgs udwkhu frqirup wr d sdvvlyh srolf| ehkdylru/
:l1h1 wr vshqglqj frpsrqhqwv wkdw duh odjjlqj dqg frxqwhuf|folfdo lqvwhdg ri
ohdglqj surf|folfdoo| wkh dfwlylw| ohyho1
Wdeoh 5= Ghew dqg sulpdu| vxusoxv uhvsrqvhv
e Ce@C￿ Ci@C￿ Ce@C￿ Ci@C￿ Ce@C￿ Ci@C￿
4=5 01:8 1<7 01:: 1<8 01:: 1<9
4=3 01:< 1<7 01;3 1<8 01;3 1<9
3=9 01;8 1<7 01;9 1<8 01;9 1<9
+j@173> ￿ @3 , +j@168> ￿ @3 , +j@163> ￿ @3 ,
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
e Ce@C￿ Ci@C￿ Ce@C￿ Ci@C￿ Ce@C￿ Ci@C￿
4=5 01:8 1<7 01:: 1<8 01:: 1<9
4=3 01:; 1<7 01;3 1<8 01;3 1<9
3=9 01;8 1<7 01;9 1<8 01;9 1<9
+j@173> ￿ @3 =34,+j@168> ￿ @3 =34,+j@163> ￿ @3 =34,
71Vxvwdlqdeoh wd{ udwhv
Zh fdq vroyh wkh ghew wudqvlwlrq htxdwlrq wr ￿qg zklfk lv wkh wd{ udwh
hqvxulqj d vxvwdlqdeoh +frqvwdqw, ghew0wr0jgs udwlr lq d jurzlqj hfrqrp|61E |
gh￿qlqj wkh h{0srvw uhdo lqwhuhvw udwh l dv
lw @ uw ￿ ￿w>
wkh sdudphwhu ￿w ￿ +4.lw.￿w,@+4.￿w,+4.￿w, iru uhdvrqdeoh/ vpdoo/ ydoxhv
ri lwv frpsrqhqwv fdq eh dssur{lpdwhg dv ￿w * +4.lw,@+4.￿w,= Wkxv/ wkh wd{





zkhuh wkh whup lq sduhqwkhvlv ghqrwhv wkh gl￿huhqfh ehwzhhq wkh uhdo frvw
ri ghew dqg wkh jurzwk ri wkh hfrqrp|1 Uhphpehulqj wkdw wkh udwh ri jurzwk
ri wkh uhdo jgs lv qrw d frqvwdqw/ lw lv dssduhqw wkdw wkh h{suhvvlrq +55, lv d
txdgudwlf htxdwlrq
+56, ￿ ￿￿5
w .+ 4.￿ ￿￿ew,￿w￿^+jw .ew+lw ￿ ￿, ‘@3 >
6Iru d qxpehu ri vxjjhvwhg lqglfdwruv/ vhh Eodqfkdug +4<<6,1
;zkhuh wkh ydoxh ri wkh wd{ udwh lv qrw lqghshqghqw ri wkh ghew0wr0jgs ydoxh1
Jhqhudoo|/ l1h1 iru ￿ 9@3 > wkhuh lv qr uhdvrq wkdw lw @ ￿ vlqfh ￿ vkrxog eh lqwhu0
suhwhg dv wkh udwh ri jurzwk fkdudfwhul}lqj wkh hfrqrp| zlwkrxw glvwruwlrqdu|
wd{dwlrq1 Lq wklv uhvshfw/ li rqh srvlwv wkh frqglwlrq ￿w @ lw / lw iroorzv wkdw
￿Al w>zklfk lv dovr zkdw zh irxqg lq wkh gdwd1 Wklv surshuw| fdq eh lpsruwdqw
zkhq gl￿huhqwldwlqj htxdwlrq +56, zlwk uhvshfw wr e vlqfh zh rewdlq wkdw wkh




wkdw iru rxu vhw ri sdudphwhuv lv 165/ l1h1 d qxpehu zklfk lv pxfk vpdoohu
wkdq wkh wd{ udwh suhydlolqj vlqfh wkh ;3v1
81 Frqfoxvlrqv
Zh vkrz zlwk d vlpsoh prgho wkdw ￿qdqflqj jryhuqphqw ghew wkurxjk glv0
wruwlrqdu| wd{dwlrq kdv d jurzwk frvw zklfk lv qhjohfwhg lq wkh vxvwdlqdeoh ghew
olwhudwxuh1 D uhodwhg vwdwhphqw lv wkdw wkh wlph uhtxluhg wr uhdfk dq| ghew0
wr0jgs udwlr lv xqghuhvwlpdwhg li wkh uhdo jgs ohdndjh lv ljqruhg1 Vlpxodwlrq
uhvxowv edvhg rq uhfhqw klvwru| sdudphwhuv vkrz wkdw wkh ohdndjh lv kljkhu zkhq
wkh ghew0wr0jgs udwlr lv kljkhu1 Wkh reylrxv lpsolfdwlrq lv wkdw iru kljk0ghew
frxqwulhv ￿vfdo vwdelol}dwlrq vkrxog uhvw pruh rq vshqglqj uhgxfwlrqv/ zklohpruh
edodqfhg srolflhv duh dydlodeoh iru frxqwulhv fkdudfwhul}hg e| vpdoohu ghew0wr0jgs
udwlrv1 Ilqdoo|/ vlpsoh fdofxodwlrqv fdq vkrz wkdw wkh h￿hfwlyh wd{ udwh lq Lwdo|
lv wrr kljk qrw vlpso| iru irvwhulqj jurzwk exw dovr wr vwdelol}h wkh ghew0wr0jgs
udwlr durxqg d orzhu ydoxh1
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